Abstract. An LED cooling system that uses a micro-tube water-cooling device is studied experimentally and a heat transfer model that uses a finite element method is numerically analyzed. In this experiment, the micro-screw tube system achieves better thermal management and the heat created by the LEDs is effectively dissipated. It is experimentally found that the effect of thermal dissipation occurs by recycling water in the LEDs' light assemblies are in reasonable agreement.
Introduction
High power light emitting diodes (LEDs), which depend on the semiconductor material to emit the light have been extensively studied in recent years. LEDs with greatly improved energy efficiency are used not only as low-energy indicators, but also as replacements for traditional light sources, in general lighting and automotive lighting [1] [2] [3] . Recently, numerous reports have concerned heat removal from LEDs to allow better LED thermal management, especially with reference to package configuration and the materials used for substrates and heat sinks. There have been trials with an ultra-bright LED module, a LED-based spot module, multi-walled carbon nanotubes, interface thermal materials, carbon black and a piezoelectric fan, as well as a thermal resistance model [4] [5] [6] . To further investigate an effective cooling system and obtain optimum cooling performance in a LED array system, the natural convection in such a system requires special consideration, and a numerical model is considered. In this study, a cooling system with a micro-screw tube and LED arrays uses red, green and blue LED in the white LED source. A new heat-cooling system that uses a micro-screw tube water-cooling device is considered and finite element analysis (FEM) is implemented to solve the problem of thermal management in high-power LED lighting experiments and to determine the ideal spectral power distribution of white LED lamps, in order to improve the color. This study also determines the feasibility of a micro-tube water-cooling system, using FEM algorithms for the thermal management of high-power LED's.
Experimental

Materials and Preparations
Commercial GaN-based LEDs, coated with multi-colored LED's, are produced by combining the appropriate amounts of light from the red, green and blue LEDs that are used for the arrays for this experiment. The DC-power supply was connected to the LED array and the spectral data, wavelength and intensity were collected during each experiment sing an integral sphere and then the mixture was dispensed onto the GaN-based LED chip and thermally cured for 1 hr. The material used in the study is epoxy with glass fiber, with copper plating and a copper metal core as shown in Figure1. A thermocouple that was fastened near by the LED arrays was attached to the thermal stage on the copper plate to measure the case temperature.
White Light Generation Using GaN-based LEDs
In this study, the RGB-LED addresses color and dimming problems, which is better for many applications, such as general illumination, LCD black-lighting and video projection, since RGB-LED's have the potential to deliver a substantially higher luminous efficiency than conventional incandescent and fluorescent light sources. The CIE 1960 UCS color coordinate system is used to analyze just noticeable-color differences [1] . The minimum perceptible-color difference between a pair of coordinates is calculated using:
where (u,v) are the color coordinates of the light source and (u 0 ,v 0 ) are the required color coordinates. For white light applications, the chromaticity distance, , from the test source to the Planckian locus must be less than 5.4x10 -3 in the CIE 1960 USC, which corresponds to the chromaticity coordinates obtainable with InGaN-based LEDs. By controlling the minimum perceptible-color difference, white light can be produced. The light colour as perceived by the human eye is characterized by its chromaticity diagram coordinates x and y. These are calculated using the tri-stimulus values X, Y and Z, which are related to the color matching functions,
where P(λ) is the power spectral density, i.e. the light power emitted per unit wavelength.
Micro-Screw Tube Container Devices
The high thermal conductivity Cu heat sink with a micro tube array and a LED array system that are used in this work. LED assembles with a micro-screw tube and a container that are coated on Cu heat sink were constructed. The system is composed of several parts: a Cu heat sink, a screw-pipe based plate device, a micro-tube water-cooling array, a water container and a micro pump. As shown in Figure 1 , many screw pipes onto the upper part of the micro-tube water-cooling array are constructed and the heat exchanger with a micro-screw tube and a container with a liquid cooled base is used. These are directly fastened to the bottom plate of heat sink in the LED arrays. 
Numerical Analysis
In the case of a LED light source, heat is only removed by conduction and convection. Conduction is the most significant form of heat transfer within solids or between solid objects that are in mechanical contact. In this study, the fundamental governing law is Fourier's law of heat conduction, as follows
where Q is the rate of energy generation per unit volume, k is the thermal conductivity, α is the thermal diffusivity of the materials under investigation and T(x,y,z,t) is the temperature of the heat conducting medium, which depends on both time and the spatial variables x, y and z. Convection heat transfer is quantified by a convection coefficient, h. This equation is a form of Newton's law of cooling. The element division is shown in Figure 4b . The 3D model in Figure 2 was divided into 22200 elements and 28159 nodes are used. A study of the convergence of the grids was conducted before the calculation. A mesh of 1321262 grids was used in the FEM simulation. 
Experimental Results and Discussion
In this study, an examination of the CIE 1960 UCS shows that this point is the closest to 2938 K on the Planckian locus, which has a coordinate of (0.2528, 0.3484), which shows the experimentally measured variation for RGB LEDs in the color matching function for white lights. The results show that there is more saturation of colored objects under the test light and the appearance of the illuminated area is sharper. It is shown that increasing the saturation has the greater effect on vivid red objects. In addition, the test light which has less luminance because of the improvement in the color rendering properties than the reference light, gives nearly the same brightness as that of the reference because the subjective brightness perception is improved. The temperature distributions over time at different nodes and transient heat conduction in the LED modules before and after the water are pumped. It is clear that the cooling performance of the traditional LED modules must be improved. The temperature distributions when there is a micro-tube water device are shown. The heated distributions rapidly decreased at different nodes because the heat that is created by the LEDs is removed by the cycling fluid in the system. Using Eq.3 and the commercial MARC finite-element packages, the simulated temperature distribution of the LED array using three different cooling systems is clear. Obviously, there is significantly different in the temperature variation between the air cooling system and the water cycling cooling system. However, it is clearly observed that when the current is within the range, 30 mA to 80 mA, the water cooling and the water cycling system are more sensitive to the case temperature than the air cooling system. This result indicates that the micro-screw tube cooling system has an obvious influence on the thermal management of the LED in the array.
Summary
In this study, more comfortable lighting is achieved using white LED light sources and a detailed study of the thermal management of LED arrays with a micro-screw-tube design mounted on the copper plating heat sink is performed. The simulation results shows that the use of a micro-tube design leads to a significant reduction the case temperature of the LED arrays. Based on the temperature distribution analysis, a comparison of the three cooling systems using air, static water and cycled water clearly demonstrates that using a micro-screw-tube design with water cycling is effective.
